The analytical distinction of the most common isomeric underivatized hexoses was investigated by means of mass spectrometry experiments. Electrospray ionization and tandem mass spectrometry were used in the analysis of silver and copper-coordinated monosaccharides (D-glucose, D-galactose, D-fructose, O-methyl--D-glucose and O-methyl--D-glucose). The results show that cationization by Ag + allows the differentiation of the three first monosaccharides while the complexes formed by association of Cu + with these three monosacharides display a similar reactivity that prevents stereoisomer distinction. Unlike copper, silver adduct-ions of both and anomeric O-methyl-D-glucoses exhibit specific decomposition patterns (i.e. a loss of methanol for the -anomer and a loss of silver hydride for the -anomer), which allow an easy characterization. A theoretical survey of selected complexes, based on the use of DFT calculations were carried out on both anomers in order to rationalize the experimental findings.
Introduction
Carbohydrates are a class of vital compounds. In addition to their implication in numerous biological processes these molecules can also play an important role in the environment because of their capacity to form very stable complexes with metal ions like humic and fulvic acids, which are decomposition products of cellulose. These compounds present a large number of possible linkage sites able to capture and transport metal cations in an aqueous environment. Understanding such complicated mechanisms requires a progressive approach that consists first in the study of the intrinsic complexation properties of several monosacch-arides toward metal cations. In this context complexation studies achieved by mass spectrometry (MS) associated with electrospray ionization can provide some insights into structures and reactivity of organometallic species that result from such interactions. In addition these studies can be useful to grasp to what extent electrospray ionization (ESI) mass spectra reflect the organometallic chemistry in aqueous solution.
The reactivity between carbohydrates and metal ions has been widely studied in solution. 1, 2 In the last few years, several contributions have also reported the gas-phase mass spectrometric study of the complexation of glycosides by alkali, alkaline earth, metal chloride and transition metal cations. All these studies showed that gas-phase metal ion chemistry is a powerful tool in the stereochemical differentiation [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] or linkage position determination [13] [14] [15] [16] of saccharides.
Theoretical approaches combined with experimental studies have also been carried out in order to have more reliable information about the structure-reactivity relationship. [17] [18] [19] [20] Here we report an ESI-tandem mass spectrometry (MS/MS) study dealing with the gas-phase reactivity of two metal ions, namely Ag + and Cu + , with the three most common monosaccharides: D-glucose (1), D-galactose (2), Dfructose (3), and the two anomers O-methyl-α-D-glucose (4) and O-methyl-β-D-glucose (5) , presented in their pyranose form in Scheme 1.
One of the objectives of this work is to explore the analytical potential of metal ion cationization combined with electrospray ionization and MS/MS experiments, to differentiate monosaccharide stereoisomers and to distinguish anomers.
Experimental section
The electrospray ionization (ESI) mass spectra were acquired on a Quattro II (Micromass, Manchester, UK) triple quadrupole mass spectrometer. The solutions were infused, through a syringe pump at a flow rate of 10 µL min -1 , into the electrospray source. Direct MS experiments were carried out at several cone voltages (5-300 V) . Nitrogen was used as nebulizing and drying gas, at a pressure of approximately of 3.0 × 10 5 Pa. As usual for electrospray sources, the voltage applied on the extracting cone at the end of the transfer capillary may be varied to achieve some fragmentations (socalled nozzle-skimmer collision-induced decompositions). Our spectral data were averaged over a 60 s acquisition time. Direct ESI-MS/MS experiments were carried out by using argon as collision gas at several collision energy values (0-30 eV), with an analyzer pressure of~2.0 × 10 -3 Pa and a gas cell pressure of~1.1 × 10 -1 Pa. The sample solutions were prepared by dissolving monosaccharides and metallic salts (AgNO 3 or CuCl 2 , 2H 2 O) in water. Because Cu(I) salts are unstable in ESI solution, Cu(II) salts have been used to generate Cu + complexes. The concentrations in each component are 10 -5 mol L -1 (for monosaccharides) and 5 × 10 -6 mol L -1 (for metallic salts). Monosaccharides (D-glucose, D-galactose, D-fructose, O-methyl-α-D-glucose and O-methyl-β-D-glucose) and metallic salts (AgNO 3 and CuCl 2 , 2H 2 O) were purchased from Aldrich Chemical Company and used without any further purification.
Computational details
Given the size of this system, an extensive study consisting of PM3 semiempirical calculations, 21a starting from lowest energy structures of neutral D-Glucose (proposed by Jebber et al. 17a and Ma et al. 17c ) and replacing the anomeric OH group by O-CH 3 , was carried out in a preliminary step. Further, from this survey, the two most stable structures for α and β-D-O-methyl glucopyranoside were reoptimized at the DFT level.
The number of conformational possibilities becomes very important when the interaction with Ag + and Cu + is considered. So, in this study we have restricted our survey on the possible structures which could account for the main experimental findings, especially for methanol and silver hydride eliminations from metal αand β-D-O-methyl glucopyranoside adduct ions. Like neutral species, for metal αand β-D-O-methyl glucopyranoside complexes, the most stable structures obtained at PM3 level were reoptimized at the DFT level.
Full geometry optimizations and harmonic vibrational frequency calculations of neutral and cationized species have been performed using the Becke's three-parameter non-local hybrid exchange potential 21b with the non-local correlation functional of Lee, Yang, Parr (B3LYP). 21c This approach is known to yield reliable geometries for a wide variety of systems, including many transition metal containing systems. [22] [23] [24] [25] [26] Geometry optimization has been carried out with the 6-311G(d,p) basis set for C, O, H and Cu. For Ag we used the relativistic effective core potentials (RECP) developed by Hay and Wadt 27 (LANL2DZ). These RECP include the outermost core orbitals 4s and 4p in the valence shell. The valence basis set is a [3s3p2d] contraction of a (5s6p4d) primitive set of Hay and Wadt 27 supplemented with one set of f functions (α f = 0.467). This basis set will hereby be denoted as Basis1. Harmonic vibrational frequencies of the different stationary points of the potential energy surface (PES) have been calculated at the same level of theory in order to identify the local minima as well as to estimate the corresponding zero point energies (ZPE).
Final energies have been obtained at the B3LYP level using the following basis. For C, O, H and Cu we use the 6-311G(2df,2p) basis set. For Ag we have used the (5s6p4d)/[3s3p4d] basis set (by decontracting the d functions) supplemented with two sets of f functions (α f = 0.946, 0.237). Hereafter, this basis set will be referred to as Basis2.
The basis set superposition error (BSSE) has not been considered in the present study because, for DFT methods, this error is usually small using a flexible basis set expansion (e.g. 5-10 kJ mol -1 ), as has been previously reported. 28 Moreover, because the corrections are likely to be comparable, BSSE can be neglected in the current study when relative energies are considered.
All calculations have been carried out by using the Hyperchem 29a and Gaussian 98 series of programs. 29b In electrospray conditions, it is well known that the relative intensities of organometallic species in the ESI spectra are dependent on the cone voltage (increasing the voltage may cause CID in its vicinity where the pressure is close to the atmospheric one). We have carried out some experiments at different cone voltage values (10 to 50 V). It turns out that the value of 35 V gives the more abundant adducts of interest, i.e. [Ag(monosaccharide)] + .
The ESI-MS spectra of aqueous mixtures of D-glucose (1), D-galactose (2) and D-fructose (3) with silver nitrate are presented in Figure 1 .
Silver ions are seen in their natural abundance, i.e. 51% 107 Ag and 49% 109 Ag. The existence of these two isotopes results in an easy identification of silver-containing ions. It is important to note that these spectra do not display protonated species but principally Na + -and Ag + -monosaccharide complexes at m/z 203 and m/z 287/289, respectively. At a cone voltage of 35 V, we can observe a weak doublet at m/z 467/469 corresponding to the interaction of both isotopes 107 Ag + and 109 Ag + with two monosaccharide units. As we can see in Figure 1 , positive ion ESI/MS spectra do not allow the aldoses (D-glucose and D-galactose ) and the ketose (D-fructose) to be differentiated, even though in the case of D-fructose an additional ion at m/z 269/271 is detected and which would correspond to [Ag(monosaccharide) -H 2 O] + . In ESI conditions it is assumed that the observed [Ag(monosaccharide)] + complexes can result principally from the decompositions of highly coordinated precursor ions. Indeed, the presence and the behavior of silvered species depend on the cone voltage. It is worth noting that the cation Ag + is only observed at higher voltage. These features seem to indicate that [Ag(monosaccharide)] + , as well as Ag + cation, come from decomposition of species in which Ag + is multi-ligated.
The following section presents the MS/MS spectra of selected [Ag(monosaccharide)] + complexes. The experiments performed on silvered species containing isotope 107 Ag and isotope 109 Ag lead to the same results. Thus, only MS/MS spectra containing 107 Ag + will be presented. In the case of [Ag(galactose)] + ion, apart from the reverse reaction leading to Ag + , the principal fragmentation pathway corresponds to the loss of 90 u (C 3 H 6 O 3 ) leading to ion at m/z 197. The loss of water at m/z 269 is also accompanied by the elimination of 60 u (C 2 H 4 O 2 ).
Finally, the major reaction of the [Ag(fructose)] + , corresponds to a dehydration process. In this complex, the loss of 90 u (C 3 H 6 O 3 ) at m/z 197 is also important. On the basis of the fragmentation pathways of [Ag(glucose)] + , [Ag(galactose)] + and [Ag(fructose)] + complexes, we can see that the activation induced by silver cationization allow the three isomers to be differentiated. Such a differentiation has been also previously reported for [Ag(glucose)] + , [Ag(galactose)] + and [Ag(fructose)] + generated by fast atom bombardment (FAB). 10 These differences of reactivity will be discussed later. + complex, the main loss is silver hydride (m/z 193). The same behavior has been previously reported by Berjeaud et al. 8 in their study devoted to stereochemically-controlled decomposition of silver-cationized methyl glycosides generated by FAB. This suggests that similar structures would be formed in both techniques. A mechanistic approach will be discussed in the later discussion section.
Reactivity of O-methyl-α-D-glucoside and O-methyl-β-Dglucoside with Ag

Reactivity of D-glucose, D-galactose and D-fructose with Cu +
ESI mass spectra show the presence of abundant protonated and coppered species. As in the case of silver, Cu + -containing ions are discernible by the presence of two ions separated by two mass units (corresponding to 63 Cu and 65 Cu isotopes). A cone voltage value of 50 V (that gives the most intense ion of interest) was chosen. The electrospray mass spectra of monosaccharides (1, 2 and 3) in copper(II) chloride solutions, displayed in Figure 4 , are characterized by three types of singly-charged metallic complexes involving either intact or deprotonated monosaccharides. The formation under electrospray conditions of a mixture of organometallic species containing copper ions in two different oxidation states, is now well known and has been already reported before by Lavanant et al. 30 in their studies on peptide-metal complexes and by Tureïek et al. 31 with ternary peptide-metal complexes [Cu(II)(M-H)(bpy)] + . This phenomenon has been attributed to gas-phase reactions of highly coordinated precursor ions, involving ligand-to-metal electron transfers and/or de-coordination of oxidized ligands. In solution the nature and the geometry of the ligands around copper are know to influence Cu(I)/Cu(II) reduction potential. According to this assumption, the Cu(I) oxidation state is favored by soft ligands, and being a closed shell d 10 , Cu(I) prefers tetrahedral four-or three-coordinated geometries. By contrast, the complexes containing divalent copper are rather square planar or octahedral. + complexes are generated only in the gas phase, under higher energetic ways, from the decomposition of tetra-or hexa-coordinated Cu(II) complexes. The corresponding ESI spectrum shows a somewhat complex pattern, because a set of four peaks appears, representing the overlapping isotopic distributions of [Cu(I)(monosaccharide)] + and [Cu(II)(monosaccharide) -H] + with only one unit mass difference between the two adduct ions. Consequently, the selection of the ion of interest for CID experiments has, to be carried out with caution.
That said, the most conspicuous fact of Figure 4 is that the ESI-MS spectrum for each hexose (1, 2 and 3 ) leads to rather similar ions but with different intensities. Although in the case of D-fructose (3), an additional ion at m/z 332/334 appears. Hence, as in the case of silver cationization, the positive ion ESI spectra of coppered-complexes do not really allow the aldoses (1 and 2) and the ketose (3) to be differentiated.
The low-energy CID spectra of [ 63 Cu(I)(monosaccharide)] + adduct ions recorded at a collision energy of 20 eV show an amazing reactivity. The copper cation is able to induce activation of practically all C-C and C-O bonds resulting in many fragmentation pathways. As illustrated in Figure 5 , the CID spectra for the three isomers From these results we can conclude that the use of copper salt does not allow a clear-cut distinction between D-glucose, D-galactose and D-fructose, neither from the positive ion ESI spectra nor from the ESI-MS/MS spectra.
Reactivity of O-methyl-α-D-glucoside and O-methyl-β-Dglucoside with Cu +
The ESI-MS/MS spectrum of [ 63 Cu(O-methyl-α-D-glucose)] + (m/z 257) is given in Figure 6 . We can see that the decomposition processes of methyl glycoside are somewhat Figure 7 ) are also similar. This indicates that both copper anomers give rise to a common structure. These features will be analyzed in the next discussion part.
Discussion
Low-energy CID spectra of metal-monosaccharides ions
Understanding the reactivity of metal-monosaccharide complexes implies in a first step, the identification among the numerous species that can result from cationization, of the most probable structures (related to the most favored coordination site of the cation) responsible for the observed reactivity. Metal cations may, in principle, bind to any of the electron-rich centers of monosaccharides, including the hemiacetal oxygen atom. The reactivity of these complexes can result in fact from a mixture of different structures in which the cation Ag + or Cu + can interact not only with different sites but also with different types of coordination and even with open structures as already reported. 19 On the basis of several theoretical approaches, several authors [17] [18] [19] [20] have shown that the cationization of such neutral species by a metal cation is governed by two criteria: the first concerns the mode of coordination of the metal cation, which must be as great as possible (three and even four) and the second is related to the preservation of a maximum of intramolecular hydrogen bonds. Thus, some peculiar structures can be retained as starting points, in order to rationalize the reactivity experimentally observed. Some trends can be deduced from several theoretical investigations about the gas-phase interaction between metallic cations and monosaccharides. Cerda et al. have carried out experiments and calculations concerning the complexation of Na + ions with a series of hexoses, 13 in their pyranose conformation. These authors have shown that for Na + , monodentate structures are higher in energy than multidentate conformers. The most stable geometries correspond to tri-or tetradentate [Na-D-glucose] + complexes, in which the sodium ion is bound to the hydroxymethyl group, the hemiacetal oxygen and at least one additional hydroxyl group, which in the case of glucose is the anomeric one. Similar results have been reported about the interaction of Ca 2+ with β-D-glucose 17 or β-D-mannose. 18 Experimental and theoretical investigations of the reaction between glucose and Cu + and Pb 2+ in the gas phase have been recently reported. 19, 20 From these studies it seams clear that all metal cations follow similar coordination schemes. So, in the following discussion we will take as our starting structures the tri-coordinated ones, knowing that, very likely, other structures can also contribute to the observed reactivity.
[X + D-monosaccharide] + (X = Ag, Cu) complexes dissociate principally according to four channels, dehydration and losses of C 2 z 123) ion, is the major process ( Figure  5 ). Loss of water may involve any of the hydroxyl groups. Nevertheless, comparison with results obtained for Omethyl-D-glucose (4), indicates that the anomeric hydroxyl could be principally concerned. As a matter of fact, when a methoxy group replaces the anomeric hydroxyl, loss of water is no longer observed for both cations and is replaced by methanol elimination. Consequently, loss of water would imply almost exclusively the anomeric hydroxyl. Nevertheless it has to be considered that the experiments are based on methyl derivatives of glucopyranose and the presence of the extra methyl can modified the stability of the precursors and of the products ions.
Eliminations of organic molecules of general formula C n H 2n O n , involve the cleavage of the pyranose ring and are observed either with silver or copper complexes. Analysis of the spectra shows that both cations induce different decomposition pathways. Figure 6 ) provides useful information for copper complexes. When the anomeric hydroxyl is replaced by a methoxy group, [CuC 2 H 4 O 2 ] + ion (m/z 123) remains the base peak, showing that the anomeric center is involved in the fragmentation. One may reasonably assume that the C 2 H 4 O 2 molecule bound to copper species involves C(5) and C(6) carbon atoms and consequently hydroxymethyl and hemiacetal groups for D-glucose and D-galactose. To probe the mechanisms of decomposition for each monosaccharide, an extensive labeling study is required. Further experimental and theoretical studies are planned for this purpose. Nevertheless we can note that the behavior of the three silverand copper-monosaccharides generated by FAB 10 or ESI ionization is different. While metastable decompositions of Ag adducts, which involve H 2 and water eliminations, do not allow a clear-cut distinction, the three selected copper cationized monosaccharides exhibit specific dissociation patterns and are easily distinguished. Thus, conclusions are inverted. Moreover, it is clear that cationized species dissociating under FAB/MIKES conditions have lower energy content than those generated by ESI and subject to low-energy CID experiments. In these latter conditions one can observe not only C-C and C-O cleavages but also successive fragmentations, which can arise from cyclic or even opened structures. The abundances of the ESI-MS/MS principal ions are summarized in Table 1 and a fragmentation pattern for [Cu(glucose)] + is presented in Scheme 2.
Low-energy CID spectra of metal-methyl glucosides ions
Loss of metal hydride, yielding the ion at m/z 193, is a specific fragmentation pathway for the [Ag-O-methyl-β-Dglucoside] + complex (see Figure 3) , whereas, the loss of methanol (ion at m/z 269) followed by successive elimina- Previous studies with β-O-methyl-D-glucose-1-d 1 , indicate that the C(1) hydrogen atom is exclusively eliminated. 8 These findings suggest that this fragmentation clearly depends on the C(1) stereochemistry, and is particularly important for the β anomer. Elimination of AgH certainly implies structures in which the metal cation interacts differently with the glycoside. Attachment of the metal below the plane of the pyranose ring might be favored because of possible hydrogen bonds hindering the upper face of the ring. The metallic cation then might interact with different basic sites of the lower face (C(2) hydroxyl and others) leading to 384 Gas-Phase Reactivity of Silver a multidentate structure, from which C(1) hydrogen atom is pulled away followed by Ag + leaving. In the same previous study, experiments involving labeled O-methyl-α-D-glucose compounds demonstrated that the hydrogen atom eliminated together with the methoxy group is that of the C(2) hydroxyl group. This means that this specific reactivity could imply preferential structures that can be predicted by a theoretical survey. The aim of such approach is not to explore the total and quite wide energy surfaces of these systems but to propose some structures that can play a significant role in the observed reactivity, keeping in mind that other structures could be also involved. Given the facts that the metallic cations may in principle attach to any basic center, a considerable number of possible geometries should be considered. So, we have restricted our survey only to structures that could account for methanol and AgH losses from both O-methyl-D-glucose anomers. Among all of the possible structures for the α and β glucosides, we have taken as the most stable the pyranose conformations presented in Figure 8 . Similarly to what has been described for glucose, 19 our calculations predict the most stable α and β anomers (α-4 and β-5) to be nearly degenerate (the former being 5.4 kJ mol -1 more stable). Nevertheless, for methyl- glucoside the α anomer is the most stable, contrary to the glucose. The total and relative energies are given in Table 2 .
The geometries of the structures arising by Cu + and Ag + attachment (above and below the plane) that we have considered of interest, are displayed in Figure 9 and 10 and the corresponding energies are gathered in Table 2 . First of all, we have assumed that the structures of both anomers retain their pyranose chair form upon complex- correspond to very stable conformers, which lie 18.1 and 25.0 kJ mol -1 above the corresponding minimum global. The distortion in the sugar ring, induced by the metal ion association could explain this stability difference. Nevertheless from Table 2 we can see that the other selected structures are competitive in energy and can compete when discussing their possible participation in the observed reactivity.
Let us consider now the reactivity. For the methanol loss from the α anomer, structures α-4BCu + and α-4BAg + in which the metal cations, (Cu + or Ag + ) interact with O(2) and O(3) hydroxyl groups, might be good candidates even if structures involving hydroxymethyl oxygen atom O(6) and the hemiacetal oxygen atom cannot be discarded. Figure 9 and 10 reveal that the two structures α-4BCu + and α-4BAg + display similar geometries, only the metal-O bonding distances, which range from 2.045 Å and 2. 033 Å for Cu + to 2.350 Å and 2.339 Å for Ag + differ. These trends have been already reported 32 and explained in terms of orbital overlapping and electrostatic interactions. Actually, if O-Ag + bonding has a pure electrostatic character, O-Cu + bonding presents a "covalent part". Knowing that the Ag + radius is bigger than that of Cu + (R Ag + = 1.26 Å, R Cu + = 0.96 Å), the interaction distances O-Ag + are thus increased by 0.3 Å. The hydrogen atom involved in methanol elimination has been identified previously as being the O(2)-H, 8 we can see in fact in α-4BCu + and α-4BAg + structures, that this hydrogen atom interacts with the methoxy oxygen atom through a strong hydrogen bond (2.017 Å and 2.043 Å, respectively). Moreover, when the transfer of this hydrogen atom is initiated (by a computational scan of the O(2)-H bond) the C(1)-OCH 3 anomeric bond is greatly activated. These findings are in agreement with experimental results and allow us to propose a fragmentation pathway for methanol elimination, displayed in Scheme 3.
Concerning the AgH elimination, three β-structures (see Figure 10 ) have been selected, β-5BAg + , β-5CAg + and β-5DAg + . The tri-coordinated complex β-5BAg + contains Ag + bound to hemiacetal oxygen atom, the hydroxymethyl group and the methoxy one. One can assume that this struc-ture is not involved in AgH loss in so far as the hydrogen atom implicated is the anomeric hydrogen, which is in the lower plane and at a distance of 3.577 Å. In β-5CAg + complex, the cation is bi-ligated, it interacts with O(2) and the oxygen atom of the methoxy group, in this structure the Ag-H distance is about 3.357 Å. Finally, the structure, β-5DAg + , presents the most favorable configuration for hydrogen abstraction. In this tri-coordinated structure, Ag + is bound in the bottom face, to the hemiacetal oxygen atom and to the two hydroxyl groups at O(2) and O(4) with an average Ag-O bond of 2.45 Å. The anomeric hydrogen atom is in the lower part at a distance of 3.170 Å. Thus, these two less stable structures β-5CAg + and β-5DAg + could be the most favorable candidates for AgH elimination (see Scheme 3).
With our experimental source conditions and in spite of several attempts, the ion corresponding to [β-5Cu] + is absent. That means that either the CuH elimination is very efficient in the source or the highly coordinated precursors ions do not lead to [β-5Cu] + formation. The calculations have been nevertheless performed in order to compare the stabilities of corresponding copper complexes. The structures displayed in Figure 9 show the same energetic and structural features, i.e. three-coordinated species are favored (see Table 2 ) and the Cu-O bonds are shortened by 0.3 to 0.5 Å. These structural differences are reflected in relative affinities of the various binding modes. It is found that Cu + affinities are approximately 100 kJ mol -1 stronger than Ag + ones. The evaluated binding energies range from 334 kJ mol -1 to 285 kJ mol -1 for copper ion interactions and from 239 kJ mol -1 to 181 kJ mol -1 for corresponding silver complexes (these values do not take into account the deformation energies induced by the cationization). Now, if we consider the reactivity of [Cu(II)(O-methylα-D-glucose) -H] + and [Cu(II)(O-methyl-β-D-glucose) -H] + isomers (see Figure 7 ), the similarity of the spectra seems to indicate, as already mentioned, that both copper anomers give rise to a common structure. This species decomposes by losing 73 u corresponding to the elimination of a radical: namely C 3 H 5 O 2
• . This implies that the common structure results from the elimination of the anomeric hydrogen atom. The loss of the radical C 3 H 5 O 2
• , which is accompanied by the reduction of Cu(II), gives rise to the major product ion: the [Cu(I)C 4 H 8 O 4 ] + complex at m/z 183 (see Scheme 4) . Such a radical elimination has been already described by Lavanant et al. 29 and by Tureïek et al. 30 
Conclusion
From the results obtained during our electrospray/tandem mass spectrometry study of silver and copper-coordinated monosacchrides, D-glucose, D-galactose, D-fructose, O-methyl-α-D-glucose and O-methyl-β-D-glucose, we can conclude that cationization by Ag + allows the differentiation of the three monosaccharides whereas the complexes formed by association of Cu + and Cu 2+ to the three monosacharides display a similar reactivity that prevents stereoisomer distinction. Silver adduct-ions of both anomeric αand β-Omethyl-D-glucoses generated by electrospray present the same decomposition pathways as those observed under FAB/MIKES conditions, that is a loss of methanol for the αanomer and a loss of silver hydride for the β-anomer. These differences of behavior have been analyzed by means of a theoretical approach. The calculations allowed us to propose starting structures and fragmentation schemes, which can account for these specific fragmentations, and to evaluate Cu + and Ag + binding energies.
